Forty crossbred barrows (initial avg BW of 20 kg) were fitted with T-cannulas to determine the effects of extrusion of yellow corn on lysine digestibility. A basal corncornstarch-soybean meal diet was formulated to contain 3 5 % lysine. Extruded corn (EC), non-extruded corn (C!) and L-Lysine-HC1 (LLH) replaced cornstarch in the basal diet to provide total dietary lysine levels of .60, .65 and .70% lysine for each lysine some. Diet intake was 5.5% of BW. Treatments were arranged as a 3 x 3 factorial with the basal diet as an extra dietary treatment. Apparent ileal digestibilities of lysine, threonine, methionine and isoleucine were greater (P < .05) for diets with added LLH than for diets containing EC or C, which were similar (P > .05). Apparent ileal and fecal digestibilities and retention of nitrogen (N) as a percentage of N absorbed or consumed were greater (P < .05) for diets containing LLH than for those containing EC or C, which were not different (P > .05). Plasma urea N levels were also lower (P < .05) for pigs fed diets containing LLH than for pigs fed EC or C. Fecal DE and ME as a percentage of GE were greater (P < .05) in diets containing EC than in those containing C. In summary, extrusion improved (P < .05) energy utilization but did not affect the utilization of lysine or N in corn by pigs. However, lysine and N utilization were greater (P < .05) in diets supplemented with LLH compared with EC or C.
reported that DM and energy digestibilities and fedgain ratios of pigs were improved by extruding diets containing 15% wheat middlings and #% yellow corn vs feeding the diet as a mash.
Apparent ileal digestibilities of lysine in corn range from 71 to 86% for pigs (Sauer et al., 1977b; Taverner and Farrell, 1981a; Adeola et al., 1986; Lin et al., 1987) . Costa et al. (1977) estimated that lysine availability in roasted corn was 72 to 73% with a chick growth assay. Amino acid digestibilities determined at the terminal ileum are more realistic estimates of animal availability than fecal values because microflora in the large intestine modify amino acid utilization (Sauer et al., 1 9 7 7~ Zebrowska, 1979; Just et al., 1981) .
Information is lacking on the effects of extrusion on amino acid digestibilities of yellow corn fed to young pigs. This experiment was conducted to determine the effect of extrusion on ileal and fecal lysine digestibilities, and on N and energy utilization in yellow corn. Digestibilities of other essential amino acids also are reported.
Materlals and Methods
Yellow corn was prepared for extrusion5 by grinding through a 2-mm screen in a Fitz Mill6. Steam and water were applied to the corn as a preconditioning step before extrusion. During extrusion, steam was applied to the first three jacketed sections of the extruder and cold water was applied to the last two jacketed sections. Corn was forced through a die containing two l-cm holes. Extruded corn was cut into l c m lengths by three revolving knives as it emerged from the die; it was dried immediately in a gas-fired blow drier conveyor for 9 min at approximately 125'C.
The nutrient content of the extruded corn (EC), non-extruded corn (C) and soybean meal ( (1970) procedures and amino acid analyses according to Benson and Patterson (1971) , with duplicate analyses on each ingredient. Samples were hydrolyzed under N with 6 N HCl for 24 h at llo'C before amino acid analysis was performed by automated cation exchange chromatography. When analyzing for cystine and methionine, performic acid oxidation preceded the hydrolysis step. Tryptophan was determined by the method of Spies and chambem (1949) .
A total of 40 crossbred barrows (Yorkshire x Landrace x Duroc) averaging 20 kg were used in four trials, 10 pigs per trial. All pigs were fitted with a simple Tcannula as described by Rodhouse et al. (1988 Urine and feces were collected for 4 d beginning on d 21 of the experiment. Urine was collected in plastic containers containing 50 ml toluene and 25 ml of 6 N HCl to prevent energy and N loss. Total urine volumes were recorded daily; 25% was saved and frozen pending analysis for GE and N. A 50-ml urine sample was mixed with 2 g of cellulose* and freeze-dried before analysis for GE. The GE value of the cellulose was subtracted from the urine-cellulose mixture to obtain the GE value of the urine. Fecal samples were collected twice daily in plastic containers, air-dried at 5WC, ground through a .5-nun screen and frozen pending analysis.
Ileal collections were made from 0700 to *solka floc, R, J~S River COT., salis NH. 1900 on d 26 to 28. One end of a plastic tube was attached to the ileal cannula; the opposite end of the tube was placed in a plastic collection bottle immersed in ice. Ileal samples were transferred from the collection bottle to another plastic bottle and frozen approximately every 30 min. Ileal samples were freeze-dried, ground through a .5-mm screen and frozen pending analysis. Fecal and ileal digesta were analyzed for chromium (Gehrke et al., 1950) . Proximate, GE, NDF, ADF and amino acid analyses were conducted as previously described for C, EC and soybean meal.
All pigs were bled by vena cava puncture at 1330 (2 h after the previous meal) before the initial feeding of the experimental diets (d 14), and on the fist and last days of the fecal and ileal collections (d 21 and 28, respectively). Plasma was harvested by centrifugation and frozen pending analysis for plasma urea N (Sigma, 1974).
The concentrations of amino acids and chromic oxide in the diet and in the ileal and fecal samples were used to calculate amino acid digestibilities. Chemical lysine availabilities of C and EC were determined using the AOAC (1984) procedure. Lysine bound to l-fluoro-2,4-dinitrobenzene (FDNB) was considered to be available lysine because free &-amino group of proteins react with FDNB to form a stable complex that is resistant to acid hydrolysis. FDNB-treated samples were acid hydrolyzed to determine unavailable lysine; available lysine was estimated by difference.
Data were analyzed as a randomized complete block design (Snedecor and Cochran, 1980) utilizing SAS (1979), with blocks representing weight groups. The treatments were arranged in a 3 x 3 factorial to test lysine source, lysine level and lysine source x lysine level interactions, with the basal diet as an extra treatment. Linear and quadratic responses were calculated across treatments to obtain the response of increasing levels of lysine for the three different lysine sources. For significant interactions, differences between slopes were determined by a one degree of freedom F-test. For a nonsignificant interaction but significant (P < .05) lysine level, linear and quadratic responses were determined from the lysine level main effect. Comparisons between lysine sources were made using Fisher's F-protected LSD when interactions were not significant. Plasma urea N data were analyzed as a split plot in time (Snedecor and Cochran, 1980) , testing linear and quadratic contrasts to determine trend differences.
Results and Discussion
Only data for essential amino acids are presented and discussed Sauer et al. (1977a) , Taverner et al. (1981a) and de Lange et al. (1989a,b) have shown that the recoveries of nonessential amino acids, especially of proline and glycine, are influenced by protein status and endogenous protein losses. Furthermore, many nonessential amino acids are readily transaminated and metabolized, further reducing their significance in evaluating amino acid digestibilities.
Lysine source x lysine level interactions (P < .05) were obtained for crude fat and ADF and fecal DE and ME expressed as kcalories/ gram of diet DM. Thus, lysine source main effects data are presented in tabular form. A few lysine level main effects (P < .05) are discussed in the text.
Ileal and Fecal Amino Acid Digestibilities by Lysine Sources. The apparent ileal digestibilities of lysine, threonine, methionine and isoleucine were greater (P < .05) for LLHsupplemented diets than for the C and EC diets (Table 3) . Ileal lysine and isoleucine digestibilities were similar (P > .lo) for the C, EC and basal diets, although ileal methionine and threonine digestibilities were greater (P < .05) for the basal diet than for the C and EC diets.
Ileal leucine digestibilities were greater (P < .05) for the C and EC diets than for the LLHsupplemented diets.
Ileal threonine and tryptophan digestibilities in our experiment were the lowest of all essential amino acids, followed by valine, leucine and lysine. Low ileal threonine digestibilities have been reported for corn, barley and sorghum in diets fed to growing-finishing pigs (Sauer et al., 1977h Cousins et al., 1981 . Low threonine digestibilities seem to be the result of the slow absorption rate in cereal grains (Zebrowska, 1979) .
The apparent ileal digestibility of lysine in diets containing C was similar to the apparent ileal digestibility of 77.5% reported by Lin et al. (1987) for pigs but higher than the apparent ileal lysine digestibilities of 71 and 72% reported by Taverner et al. (1981b) and Adeola et al. (1986) . However, even higher apparent ileal lysine digestibilities (82.0 and 85.9%) were reported by Sauer et al. (1977b) and , 1980) . because of the low levels of lysine in cereal grains. The digestibility of L-lysineHC1 has been reported to be 100% for pigs (Leibholz et al., 1986) and poultry (Xquierdo et al., 1988) . Fecal digestibilities of essential amino acids among lysine sources were, except for methionine, higher than ileal values, with similar trends. Fecal histidine values were greater (P < .05) for the C and EC diets than for the LLH diet, whereas na histidine differences (P > .05) existed between lysine s m e s at the ileum.
Chemically Determined Ileal Lysine Digestibilities. Ileal lysine digestibilities determined by F'DNB-reactive lysine for diets containing C or EC were 96 and 93%, respectively. Thus, ileal lysine digestibilities estimated by FDNB were poor indicators of apparent ileal lysine digestibilities. Taverner and Farrell (1981a) reported true ileal and FDNB-reactive lysine digestibilities for corn of 83 and 92%, respectively; they concluded that FJXJB-reactive lysine values for cereal grains were unrelated to the ileal digestibilities.
Ileal and Fecal Digestibilities of Amino
Acids by Level of Lysine. Ileal and fecal amino acid digestibilities remained similar (P > .lo) with increasing dietary level of lysine for most amino acids. However, ileal and fecal methimine digestibilities were lower (P < 
Apparent Amino Acid Disappearance or Appearance in the Large Intestine (Ileal Minus Fecal, mg per Day).
The essential amino acid with the greatest disappearance in the hindgut was threonine, followed by tryptophan (Table  4) . Large disappearance of threonine in the large intestine of pigs has been reported for yellow corn, wheat, wheat milling by-products, barley and grain sorghum (Sauer et al., 1977a,b; Cousins et al., 1981; Owsley et al., 1981; Taverner and Farrell, 1981a) . Cousins et al. (1981) also reported a large disappearance of tryptophan in the large intestine of pigs fed grain sorghum diets. Therefore, the availabilities of tryptophan and threonine were greatly overestimated using fecal digestibilities compared with ileal digestibilities because tryptophan and threonine are lost as amines in the large intestine (HiU et al., 1970; Taverner and Farrell, 1981a ).
An apparent net accumulation or synthesis of methionine occurred in the large intestine for all lysine sources in this experiment. This effect also has been reported when feeding soybean and rapeseed meals (Cho and Bayley, 1972) and when feeding wheat, sorghum, corn and barley, but not triticale (Taverner and Farrell, 1981b; Adeola et al., 1986 ).
An apparent net accumulation of lysine in the large intestine was present for the basal and LLH diets but not for the C and EC diets. An apparent net synthesis of lysine in the large intestine has been reported by Sauer et al.
(1980) when pigs were fed diets containing 7.8% crude fiber. When diets high in fiber are fed, greater amounts of undigested nutrients enter the large intestine, which may alter the catabolism and synthesis of bacterial protein, yielding net synthesis of lysine in the large intestine (Just et al., 1980) .
Digestibilities of Proximate Analysis, Fiber
Components and Energy for Lysine Sources.
Lysine some x lysine level interactions were obtained (P < .OS) for the ileal digestibilities of ADF and crude fat. The linear increases in the ileal digestibilities of ADF that occurred with increasing level of dietary lysine for diets containing C and EC were similar (P > .05) and higher (P < .05) than the smaller linear increases obtained with L,LH. The linear decreases in ileal and fecal digestibilities of crude fat that occurred with increasing level of dietary lysine for diets containing C and EC were similar (P > .OS) but different (P < .05) from the flat linear response obtained with LLH. These interactions may be attributed to the higher levels of cellulose and corn oil added to the basal, LLH and low lysine level (3 and .60%) diets to equalize dietary NDF and GE contents.
Ileal and fecal digestibilities of CP (Table  5 ) were greater (P < .05) for diets containing LLH than for diets containing EC and C, which were not different (P > .lo). Extrusion did not improve or reduce protein digestibilities. The ileal digestibilities of NDF were lower (P < .05) for the LLH diets than for the other diets, which may be attributed to the 6% cellulose included in the LLH diets to equalize NDF across all treatments.
Ileal DE as a percentage of GE was greater (P < .OS) for diets cmtaining LLH than for diets containing EC or C, which were similar (P > .lo). Exvusion did not change ileal energy digestibility of yellow corn. However, fecal digestibilities of N-free extract, DE and ME were greater (P < .05) for diets containing LLH or EC than for diets containing C. Both LLH and extrusion improved fecal DE and ME expressed as percentages of GE consumed.
There were no differences (P > .lo) between the lysine sources in either ileal or fecal digestibilities of DM or crude fiber. Skoch et al. (1983) and Noland et al. (1976) reported that extrusion improved energy digestibilities by pigs fed a com-wheat middlings mixture or a poorquality grain sorghum, respectively. Noland et al. (1976) also reported improved fecal CP digestibilities when poorquality grain sorghum was extruded.
Digesribiliries by Level of Lysine. Fecal CP digestibilities were lower (P < .05) for the diets containing .70% lysine (81.8%) than for diets containing .55% (84.4%) and .60% (84.2%) lysine. However, ileal CP digestibilities were not affected (P > .05) by dietary lysine level. Ileal NDF digestibilities increased (P < .05) linearly (0,6.0, 10.2 and 21.3%) with increasing level of dietary lysine from .55 to .70%, respectively. However, there were no differences (P > .05) in fecal NDF digestibilities, most likely because of an increased NDF digestion in the large intestine. The level of lysine in the diet had no effect (P > .lo) on ileal or fecal cmde fiber, DM, N-free extract or energy digestibilities.
Nitrogen Balance. Nitrogen intakes (gld)
were similar (P > .lo) for all lysine sources (Table 6 ). However, pigs fed the LLH diets absorbed more grams of N from the small intestine per day (P < .05), which resulted in fewer grams of N collected daily at the terminal ileum. Diets containing LLH had greater (P < .05) ileal and fecal N retention expressed either as grams/day or as percentages of N consumed or absorbed compared with the basal, EC or C diets, which were similar (P > .lo). Thus, LLH improved N utilization compared with the basal, C and EC diets. Ileal N retained as percentages of N absorbed or consumed was higher (P < .05) for diets containing .70% lysine (63.8 and 49.4%, respectively) compared with the diets containing .55, .60 and .65% lysine, which were similar (means for the .55, .60 and .65% lysine levels combined were 58.1 and 43.5%, respectively). The higher retention of absorbed N obtained with .70% dietary lysine indicates more efficient amino acid utilization for protein synthesis and maintenance compared with the lower levels of lysine. Dietary lysine level did not affect (P > .lo) the absorption or retention of fecal N.
Lysine source x lysine level interactions were obtained (P < .05) for fecal DE and ME expressed as kcalories/gram of diet DM. The linear decreases in DE and ME that occurred with increasing level of dietary lysine in diets containing C or EC were similar (P > Plasma Urea N. Plasma urea N concentrations (Table 7) were similar (P > .lo) among all lysine sources at the initial bleeding (d 14) taken before the experimental diets were fed. Plasma urea N concentrations for the LLH group declined linearly (P < .05) over time compared with all other groups, which had increasing linear trends. A quadratic effect (P -c .05) also was obtained for the C group.
Dietary lysine levels did not affect (P > .lo) plasma concentrations of urea N.
The lower plasma urea N values for LLHsupplemented diets agree with the results of Brown and Cline (1974) , who found that pigs fed com-soybean meal diets supplemented with Glysine.HC1 had lower plasma urea N values than did pigs fed conventional comsoybean meal diets. Eggum (1970) found an inverse relationship between blood urea levels in rats and the biological value of the diet. Thus, supplementation with crystalline lysine improved dietary amino acid balance in the present study, with a reduction in the catabolism of amino acids to urea, as evidenced by a decline in plasma urea N concentration.
Performance. Lysine source or lysine level did not affect (P > .lo) pig performance due to the regulated intake of diets and the short duration of the experiment. Overall means f SD for ADG and feed:gain ratio were .39 f .OS kg and 2.74 f .81, respectively, which indicate adequate performance of the pigs after the insertion of the simple T-cannulas. Pig weight gains were similar to those reported by Haydon et al. (1984) for 20-kg pigs fitted with simple Tcannulas.
Conclusion. The extrusion of yellow corn improved (P < .05) energy utilization but did not affect (P > .lo) the digestibilities of lysine or N at the terminal ileum. However, diets supplemented with L-lysineHCl had greater (P < .05) lysine digestibilities than diets providing equal amounts of lysine from non-extruded or extruded corn. Nitrogen balance and plasma urea N data support the conclusion that diets supplemented with L-lysineHC1 have higher lysine digestibilities and utilization compared with lysine provided by extruded or nonextruded com.
implications Extrusion improved energy utilization without reducing the digestibility of lysine in yellow corn. The addition of L-lysine-HC1 to diets deficient in lysine increased the digestibility of total dietary N and lysine.
